Background The reported range of seroma formation in the literature after TEP repair is between 0.5 and 12.2% and for TAPP between 3.0 and 8.0%. Significant clinical factors associated with seroma formation include old age, a large hernia defect, an extension of the hernia sac into the scrotum, as well as the presence of a residual indirect sac. Seroma formation is a frequent complication of laparoendoscopic mesh repair of moderate to large-size direct (medial) inguinal hernia defects. This present analysis of data from the Herniamed Hernia Registry now explores the influencing factors for seroma formation in male patients after TAPP repair of primary unilateral inguinal hernia. Methods In total, 20,004 male patients with TAPP repair of primary unilateral inguinal hernia were included in uni-and multivariable analysis. Results Univariable analysis revealed the highly significant impact of the fixation technique on the seroma rate (non-fixation 0.7% vs. tacks 2.1% vs. glue 3.9%; p < 0.001). Conclusions Mesh fixation with tacks or glue, a larger hernia defect, and medial defect localization present a higher risk for seroma development in TAPP inguinal hernia repair.
repair, with 1590 patients, versus Lichtenstein repair, with 1620 patients (12.2 vs. 8.9% ; p = 0.003) [6] . If no measures are taken for prevention of seroma after TEP or TAPP repair for direct inguinal hernia, the incidence reported is 4-5% [7] . In large registry studies of primary unilateral inguinal hernia repair in men with the laparoendoscopic technique, the incidence of seroma has been reported as 0.5% for TEP and 3% for TAPP [8, 9] . Significant clinical factors associated with seroma formation include old age, a large hernia defect, an extension of the hernia sac into the scrotum, and the presence of a residual distal indirect sac [10, 11] . Seroma formation is a frequent complication of laparoendoscopic mesh repair of moderate to large size direct medial inguinal hernia defects [5] .
While certain studies had identified significantly less seroma formation on using extra lightweight meshes [12] , a meta-analysis did not note any difference in the impact of lightweight vs heavyweight meshes on the seroma rate after laparoendoscopic inguinal hernia repair [13] . Likewise, while in one observational study comparison of mesh fixation versus non-fixation for endoscopic inguinal hernia repair revealed a lower seroma rate for non-fixation [14] , this was not demonstrated by a corresponding meta-analysis [15] . Besides, comparison of mesh fixation with tacks versus glue did not show any significant difference in the seroma rate [16] [17] [18] . In two observational studies, preperitoneal drainage was found to have a positive effect on the seroma incidence [19, 20] .
This present analysis of data from the Herniamed Hernia Registry now explores the influencing factors for seroma formation after TAPP repair. Preventative measures will then be discussed.
Materials and methods
As of October 10, 2016 , 577 participating hospitals and office-based surgeons mainly from Germany, Austria, and Switzerland have entered prospective data into the multicenter internet-based Herniamed Hernia Registry on their patients who had undergone routine hernia surgery and signed an informed consent agreeing to participate [21] . As part of the information provided to patients regarding participation in the Herniamed Quality Assurance Study and signing the informed consent declaration, all patients are informed that the treating hospital or medical practice would like to be informed about any problems occurring after the operation and that the patient has the opportunity to attend clinical examination. All postoperative complications occurring up to 30 days after surgery are recorded. This present study analyzed the prospective data collected for all male patients who had been operated on with a TAPP technique for repair of a primary unilateral inguinal hernia in the period September 1, 2009, up to and including September 1, 2015 . At 1-year follow-up, the general practitioners and patients were asked once again for any postoperative complication. If complications are reported by the general practitioner or patient, patients can be requested to attend clinical and/or radiological examinations. A recent publication has provided impressive evidence of the role of patient-reported outcomes [22] . Only those patients for whom 1-year follow-up results were available were included in the analysis. Other inclusion criteria were as follows: age ≥ 16 years and only medial/ lateral/combined types of inguinal hernia based on the EHS classification [23] . In total, 20,004 patients were included in uni-and multivariable analysis ( Fig. 1) for investigation of influencing factors for the development of a seroma after TAPP inguinal hernia repair. During the observation period, the 20,004 TAPP procedures were performed in 8799 patients (44.0%) without mesh fixation, in 6387 patients (31.9%) using tacks for fixation, and in 4818 patients with glue fixation (24.1%).
The most commonly used meshes (≥ 2%) are given in Table 1 . These were mainly large-pore lightweight meshes. The most commonly used (≥ 2%) tacks and glues are listed in Tables 2 and 3 , respectively.
All analyses were performed with the software SAS 9.4 (SAS institute Inc. Cary, NC, USA) and intentionally calculated to a full significance level of 5%, i.e., they were not corrected in respect of multiple tests, and each p value 0.05 represents a significant result. To first discern the differences between the groups in unadjusted analyses. Fisher's exact test was used for categorical outcome variables, and the robust t test (Satterthwaite) for continuous variables. For mesh size (cm 2 ), a logarithmic transformation was applied and re-transformed mean and range of dispersion are given.
To identify influence factors in multivariable analysis of seroma, a binary logistic regression model was used. Potential influence factors were: ASA score (I/II/III/IV), age (years), BMI (kg/m 2 ), mesh size (cm 2 ), defect size (I/II/III), risk factors (yes/no), preoperative pain (yes/no/ unknown), EHS classification (lateral/medial/combined), drainage (yes/no), and mesh fixation (non-fixation/tacks/ glue). Estimates for odds ratio (OR) and the corresponding 95% confidence interval based on the Wald test were given. For influence variables with more than two categories, pairwise odds ratios were given. For age (years), the 10-year OR estimate, for BMI (kg/m 2 ) the five-point OR estimate, and for mesh size (cm 2 ) the 10-point OR estimate were given. Results are presented in tabular form, sorted by descending impact.
Results

Univariable analysis
Univariable analysis of the relationship between the fixation technique (non-fixation/tacks/glue) and the patient and operative characteristics revealed highly significant differences (Tables 4, 5) . For example, the proportion of patients with tacks or glue fixation for large hernia defects (EHS III > 3 cm) was significantly greater than that with non-fixation (Table 5) . Likewise, the proportion of medial EHS classifications was higher in the tacks and glue mesh fixation group than in the no mesh fixation group. Drain placement was more common in cases of no mesh fixation (Table 5) . With regard to mesh fixation (non-fixation/ tacks/glue), highly significant differences were seen in the overall postoperative complication rate (non-fixation 1.8% vs. tacks 3.0% vs. glue 4.8%; p < 0.001) ( Table 6 ). Seroma accounted for the greatest proportion of postoperative complications (non-fixation 0.7% vs. tacks 2.1% vs. glue 3.9%); p < 0.001).
Multivariable analysis
The results of multivariable analysis of the postoperative complications associated with seroma are summarized in Table 7 (model fit: p < 0.001). The fixation technique and hernia defect size exerted a highly significant influence on seroma formation (in each case p < 0.001). Glue compared to tacks (OR 2.077 [1.650; 2.613]; p < 0.001) and glue vs non-fixation (OR 5.448 [4.056; 7.317 
Discussion
This present analysis of data from the Herniamed Hernia Registry reveals highly significant differences in the postoperative complication rate in relation to the fixation technique for male patients with TAPP repair of primary unilateral inguinal hernia. For example, the overall postoperative complication rate for non-fixation was 1.8%, for tack fixation 3.0%, and for glue fixation 4.8% (p < 0.001). Seroma accounted for the greatest proportion of postoperative complications. Here, too, a highly significant difference was detected in relation to mesh fixation (non-fixation 0.7% vs. tacks 2.1% vs. glue 3.9%; p < 0.001). Multivariable analysis confirmed the highly significant influence exerted by the fixation technique on the seroma rate. Glue compared to tacks and non-fixation resulted in a higher seroma rate. But also tacks compared to non-fixation led to a higher seroma rate. Accordingly, no mesh fixation clearly had the lowest seroma rate. That could be one explanation for the lower seroma rates after TEP than after TAPP [8] , since as per the guidelines [1, 2] mesh fixation is rarely used for TEP, whereas as evidenced by the present data this continues to be used in 65% of cases for TAPP [24] . But the evidencebased data demonstrate that even for TAPP mesh fixation can be omitted for hernia defects up to 3 cm (EHS LI, II and MI, II) [1, 2] . Based on the registry data only a defect size of more than 3 cm (EHS LIII, MIII), and here in particular medial and combined defects, requires mesh fixation [24] . Accordingly, as for TEP, mesh fixation can be dispensed with more often for TAPP, too. With a current proportion that continues to be as high as 65% [24] , the fixation rate can still be markedly reduced for TAPP. Omission of fixation might then positively impact the seroma rate after TAPP. Naturally, smaller defects also present a lower risk of seroma formation, as do lateral compared to medial inguinal hernias. Lateral defects in line with the anatomy of the groin have a curtain-like closure after excision of the hernia sac from the inguinal canal, whereas a medial hernia defect will persist as evagination of the transversalis fascia once repaired. It should therefore be reduced to prevent it from being filled with serous fluid. Various techniques have been proposed in the literature to that effect. Reddy [4] recommends the inversion of the extended transversalis fascia and fixation with tacks to the pubic bone. Technically, this is only feasible through the use of permanent tacks. Besides, the use of tacks can trigger chronic pain. Berney [5] recommends using a Röder loop, where the inverted transversalis fascia is ligated with the Röder loop such that the entrance to the medial hernia sac is closed and the sac completely reduced. Alternatively, the inverted transversalis fascia can be fixed to Cooper's ligament with a suture and the hernia sac completely reduced in the same manner [25] . Using these techniques the problem of seroma formation can be completely prevented for a large medial inguinal hernia in both TEP and TAPP. Therefore this technique is urgently recommended in the guidelines [1, 2] . The aforementioned findings also highlight the potential role of drain placement for prevention of seromas. To date, only very few publications recommend the use of a drain [19, 20] . The results of multivariable analysis demonstrate a trend towards a protective role for a drain in reducing seroma formation after TAPP. But as arguments against drains complications and pain induced by drains must be mentioned. Since drains are used more commonly for TEP [25] , this might also explain the difference in the seroma rate for TAPP vs. TEP.
There are reports in the literature that could explain the higher seroma rates identified on using glues. An experimental study with the cyanoacrylate-based tissue adhesives Glubran and Ifabond demonstrated that synthetic glues triggered evident seroma formation in the form of an inflammatory reaction [26] . This was caused by the toxic property of cyanoacrylate which, as far as possible, is reduced by means of chemical changes [26] . Some studies have reported that the fibrin glue Tisseel/Tissucol is associated with higher rates of seroma formation than staple fixation although that finding has been inconsistent [27] . It is likely that the avoidance of drop formation and local accumulation by spraying the fibrin sealant reduces the incidence of seroma formation [27] .
The present study has a number of limitations. The registry does not contain any data on how the peritoneum was closed. Nor is any information given on whether the diagnosis "seroma" was based on physical examination or radiography. The possibility of confusing seromas with early hernia recurrences cannot be ruled out either.
In summary, it has been demonstrated that the seroma rate in male patients with TAPP repair of primary unilateral inguinal hernia is negatively influenced by mesh fixation with tacks or glue. Non-mesh fixation was associated with the lowest seroma rate. This can also explain the difference in the seroma rate between TEP and TAPP to the disadvantage of the latter technique since for TAPP mesh fixation continues to be used in 65% of cases. But the evidence-based data demonstrate that, as for TEP, mesh fixation should generally only be used, in TAPP too, for hernia defects of more than 3 cm (EHS LIII, MIII), and in particular for medial hernias. Otherwise, seroma formation is commonly encountered for large inguinal hernias, and especially for large medial inguinal hernias. Therefore medial defects should either be secured with a suture to Cooper's ligament or reduced with a Roeder loop. Furthermore, there appears to be a trend towards a positive role for drain placement after TAPP in reducing seroma formation. Köckerling, Ferdinand (Chairman) 
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